A novel strain designated T was isolated from bamboo (Phyllostachys bambusoides) litter.
The genus Reyranella, belonging to the family Rhodospirillaceae (Pfennig & Trüper, 1971) , was originally proposed by Pagnier et al. (2011) with Reyranella massiliensis as the type species. Subsequently, the genus description was emended by Kim et al. (2013) with the species Reyranella soli, to include that nitrate reduction is variable and that ubiquinone-10 is the predominant isoprenoid quinone. At the time of writing, the genus Reyranella contains the two above-mentioned species with validly published names (Euzéby, 2014) . Members of the genus Reyranella are Gram-staining-negative, microaerophilic rods and contain phosphatidylmonomethylethanolamine, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol and unknown aminolipid as major polar lipids.
During the course of a study to screen cellulase-producing bacteria, strain T was isolated from a bamboo (Phyllostachys bambusoides) litter located at Damyang (35 u 199 33.060 N 126 u 599 10.750 E) which is the main cultivation region in Korea. Bamboo litter (10 g) was dispersed by sonic oscillator (VivraCell VCX750) for 40 s at 30 W in 90 ml sterilized water. The procedure was carried out aseptically. Strain T was isolated by diluting a sample in sterile water, plating on 10-fold diluted nutrient broth (10 21 NB) containing 1.2 % (w/v) agar followed by aerobic incubation at 28 u C for 5 days. Nutrient broth (NB) comprised 1 % (w/v) beef extract (Junsei), 1 % (w/v) polypeptone (Junsei) and 0.5 % (w/v) NaCl. The pH was adjusted to 7.0 with 1 M NaOH. The strain was subsequently purified three times by plating on 10 21 nutrient agar (NA) medium at 28 u C for 5 days. The strain was stored at -80 u C with 20 % (v/v) glycerol. In order to characterize strain T phenotypically, the isolate was routinely grown aerobically on R2A (Difco) medium for 5 days at 28 u C and pH 7.0, except where indicated otherwise.
The morphology of the isolate was observed by Gram staining and transmission electron microscopy using cells from exponentially growing cultures. Motility was observed by light microscopy (Eclipse 80i; Nikon) and the hanging drop method. The presence of spores was determined by a specific spore-staining test, using malachite green (Shaeffer and Fulton spore stain kit; Sigma). Gram staining was performed by the Hucker method (Murray et al., 1994) .
Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (w/v) N,N,N,N-tetramethyl-1, 4-phenylenediamine reagent (bioMérieux). Hydrolysis of aesculin, casein, hypoxanthine, L-tyrosine, starch, Tween 80, xanthine and urea were tested as recommended by Smibert & Krieg (1994) . The DNase test was conducted using DNase test agar (Difco). Determination of acid production from carbohydrates, as well as utilization of carbon and nitrogen sources, activities of constitutive enzymes and other additional biochemical characteristics were performed by API 50CH (with API 50CHB medium), API 20NE and API ZYM galleries according to the instructions of the manufacturer (bioMérieux). Growth on R2A agar, NA, trypticase soy agar (TSA), potato dextrose agar (PDA), Luria-Bertani agar (LB) and ISP2 medium (all Difco) was evaluated at 28 u C. To determine the optimal temperature and pH for growth of the novel strain, broth cultures were incubated in R2A broth at 5-50 u C in intervals of 5 u C and including 28 u C and 37 u C, and at pH 3-11 in intervals of 0.5 pH units. pH values of ,6, 6-9 and .9 were obtained by using citric acid/sodium citrate, Tris/HCl and glycine/ sodium hydroxide buffers, respectively. Growth in different salt concentrations (0, 0.01, 0.03. 0.05, 0.1, 0.5, 1.0, 2.0, 3.0 and 5.0 %, w/v) was tested in NB at pH 7.0. Growth was monitored by turbidity at OD 600 by using a spectroscopic method (model UV-1650PC; Shimadzu). Antibiotic-susceptibility tests were performed on R2A agar seeded with a bacterial suspension containing 1.5610 6 c.f.u. ml 
Cells of strain Wo-34
T were Gram-stain-negative, nonmotile rods and colonies were convex, opaque and greywhite when grown for 5 days at 28 u C on R2A (Fig. S1 , available in the online Supplementary Material). Strain Wo-34
T was able to grow at 15-35 u C, at pH 4.0-9.0 and in the presence of 0-1.0 % (w/v) NaCl. Optimal growth was observed at 28 u C, at pH 7.0 and with 0.1 % (w/v) NaCl. Strain Wo-34 T could grow on R2A, NA, LB, PDA and ISP2, but not on TSA. Cells were catalase-negative and oxidasepositive. Other physiological and biochemical properties of strain T were compared to the type strains of other species of the genus Reyranella. Differentiating characteristics of strain T are shown in Table 1 , and other physiological and biochemical properties are given in the species description.
Genomic DNA from strain Wo-34
T was prepared using a commercial genomic DNA-extraction kit (Solgent). The 16S rRNA gene was amplified by PCR with the forward primer Eubac 27F and the reverse primer 1492R (DeLong, 1992) . Direct sequence determination of the PCR-amplified DNA was carried out using an automated DNA sequencer (model ABI 3730XL; Applied Biosystems). Full sequences of the 16S rRNA gene were compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from the GenBank and EzTaxon databases and the identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . The 16S rRNA gene sequence of strain Wo-34 T was aligned with the published sequences of closely related bacteria using CLUSTAL W 2.1 software (Larkin et al., 2007) . Gaps at the 59 and 39 ends of the alignment were omitted from further analyses. Phylogenetic trees were reconstructed using three different methods: the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) algorithms within the MEGA5 software package (Tamura et al., 2011) . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of Kimura's two-parameter model (Kimura, 1980) . To evaluate the stability of the phylogenetic tree, a bootstrap analysis (1000 replications) was performed (Felsenstein, 1985) . The 16S rRNA gene sequences used for phylogenetic comparisons were obtained from the GenBank database and their strain designations and accession numbers are shown in Fig. 1 . To determine genomic relatedness, DNA-DNA hybridization was performed using the modified method of Ezaki et al. (1989) . Probe labelling for DNA-DNA hybridization was conducted by using the non-radioactive DIG-High prime system (Roche); hybridized DNA was visualized using the DIG luminescent detection kit (Roche) and the level of DNA-DNA relatedness was quantified by using a densitometer (Bio-Rad). T formed a distinct and stable phyletic line in the genus Reyranella with a bootstrap value of 100 % (Fig. 1) resulted in the same tree topologies showing 100 % bootstrap support with the type strains of other species in the genus Reyranella; only neighbour-joining results are shown.
Isolation of DNA (Saito & Miura, 1963) and determination of the DNA G+C contents were performed by HPLC (SPD-10AV; Shimadzu), as described by Mesbah et al. (1989) . For analysis of fatty acids, strain Wo-34 T and reference strains R. massiliensis DSM 23428 T and R. soli KACC 13034 T were grown on R2A at 28 u C for 3 days to the exponential growth phases of all strains; the same physiological age was applied to the comparison to meet exponential growth phase. Cellular fatty acids were extracted and analysed by GC (6890N; Agilent Technologies) according to the standard protocol of the Sherlock Microbial Identification System (version 4.5; MIDI database TSBA40 4.10). For the analysis of quinones, cells were harvested in the late-exponential phase and freeze-dried. Isoprenoid quinones were extracted and analysed by HPLC (SPD-10AV; Shimadzu), as described by Collins and Jones (1981) . Polar lipids were separated on thin-layer silica gel 60 plates (Merck) and were analysed according to the methods described by Minnikin et al. (1984) . To detect spots and their colour reaction, 5 % ethanolic molybdatophosphoric acid, Dittmer's reagent, ninhydrin solution and a-naphthol reagent were used for all lipids, phospholipids, amino lipids and glycolipids, respectively. Polar lipids of strain Wo-34 T comprised phosphatidylmonomethylethanolamine (PME), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), an unknown aminolipid, unknown phospholipids and unidentified lipids (Fig. S2) . The polar lipids of the strain Wo-34 T were similar to the type strains of other species of the genus Reyranella, showing PME, PE, PG, DPG and an unknown aminolipid.
The cellular fatty acid profile of strain T comprised saturated, unsaturated and hydroxyl fatty acids and was close to those of the type strains of species of the genus Reyranella by containing predominant amounts of C 18 : 1 v7c (40.3 %), C 18 : 1 2-OH (12.1 %), C 19 : 0 cyclo v8c (11.3 %) and C 16 : 0 (8.2 %), and moderate amounts of C 18 : 1 v7c 11-methyl (7.8 %), C 17 : 0 (7.4 %), C 16 : 0 3-OH (2.3 %) and C 16 : 0 2-OH (1.7 %). The presence of a high percentage of C 19 : 0 cyclo v8c and relatively low percentage of C 18 : 1 2-OH distinguished strain T from the type strains of other All strains are negative for hydrolysis of gelatin, acidification of glucose, production of catalase, indole, lipase (C14), a-chymotrypsin, agalactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosamininase, a-mannosidase and a-fucosidase and for assimilation of L-arabinose, D-mannose, D-mannitol, L-arabinose, inositol, N-acetylglucosamine, maltose, melibiose arabinose and caproic acid. All strains are positive for hydrolysis of aesculin, assimilation of glycogen and for the production of oxidase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. +, Positive; 2, negative. Reyranella graminifolii sp. nov.
species of the genus Reyranella (Table S1 ). The isoprenoid quinone of strain Wo-34 T comprised ubiquinone-10 (Q-10; 95 %) and Q-11 (5 %).
DNA-DNA relatedness values between strain Wo-34 T and R. massiliensis DSM 23428 T and R. soli KACC 13034 T were 35±4 % and 29±4 %, respectively, and these values were significantly lower than 70 %, the threshold value recommended for the assignment of genomic species (Wayne et al., 1987) . The DNA G+C content of strain Wo-34 T was 59.8 mol%.
Based on the phylogenetic, genomic and phenotypic analyses, it is clear that strain T belongs to the genus Reyranella. The characteristics that differentiate strain T from type strains of species of the genus Reyranella are summarized in Table 1 . The most distinctive features were that strain T could assimilate D-glucose, sucrose and 5-ketogluconate, but not rhamnose and L-fucose, and could produce crystine arylamidase, trypsin and b-glucosidase.
Therefore, on the basis of this polyphasic taxonomic evidence, we propose that strain T represents a novel species of the genus Reyranella, for which the name Reyranella http://dx.doi.org/10.1601/nm.22491graminifoli sp. nov. is proposed.
Description of Reyranella graminifolii sp. nov.
Reyranella graminifolii (gra.mi.ni.fo9li.i L. n. gramen, -inis grass; L. n. folium a leaf; N.L. gen. n. graminifolii of a grass leaf).
Cells are Gram-stain-negative, non-motile, non-sporeforming rods, 0.3-0.5 mm61.0-1.5 mm. Colonies are convex, opaque and grey-white on R2A agar after 5 days incubation at 28 u C. Growth occurs at 15-35 u C (optimum 28 u C), pH 4.0-9.0 (optimum pH 7.0) and in the presence of 0-1.0 % (w/v) NaCl (optimum 0.1 % NaCl). Catalasenegative and oxidase-positive. Aesculin and cellulose are hydrolysed, but starch, arginine, urea, xanthine, hypoxanthine and DNA are not. Nitrate is not reduced to nitrite. Indole is not produced. Utilizes glycerol, D-ribose, Dglucose, D-fructose, amygdalin, arbutin, aesculin, L-salicin, sucrose, cellobiose, starch, glycogen, potassium gluconate and potassium 5-ketogluconate (API 50CH). Acid is produced from glycerol, D-ribose, D-glucose, D-fructose, N-acetylglucosamine, amygdalin, arbutin, aesculin, Lsalicin, cellobiose, maltose, trehalose, starch, glycogen and potassium gluconate (API 50CHB). Enzyme activity is observed for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, crystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and b-glucosidase, but not for lipase (C14), a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosamininase, a-mannosidase and a-fucosidase (API ZYM). Cells are susceptible to streptomycin, tetracycline and chloramphenicol, but resistant to kanamycin, neomycin penicillin and erythromycin. The major fatty acids are C 18 : 1 v7c, C 19 : 0 cyclo v8c, C 18 : 1 2-OH and C 16 : 0 . The predominant ubiquinone is Q-10. The major polar lipids are PME, PE, PG and DPG. Reyranella massiliensis 521 T (HE997181)
Reyranella massiliensis 3B26 (HM048834)
Reyranella soli KIS14-15 T (JX260424)
Taonella mepensis H1 T (JN693496)
Magnetospirillum gryphiswaldense MSR-1 T (Y10109)
Phaeospirillum fulvum ATCC 15798 T (D14433)
Pseudomonas aeruginosa RH 815 T (HE978271)
Azospirillum lipoferum 59b T (Z29619)
Rickettsia prowazekii Breinl T (M21798)
Reyranella graminifolii Wo-34 T (AB839882) Fig. 1 . Rooted neighbour-joining tree based on 16S rRNA gene sequences of strain Wo-34 T and all related strains of species of the genus Reyranella and other related type species of genera in the families Rhodospirillaceae and Rickettsiaceae. Filled circles at nodes indicate generic branches that were also recovered using maximum-likelihood and maximum-parsimony algorithms. Numbers at nodes indicate bootstrap values (expressed as percentage of 1000 replications) as calculated by neighbour-joining/maximum-likelihood/maximum-parsimony probabilities; only values .50 % are shown. Pseudomonas aeruginosa RH 815
T was used as an outgroup. Bar, 0.02 substitutions per nucleotide position.
